Background Several studies have suggested a relationship between cognitive impairment and recidivism, but most have adopted a retrospective design.
Introduction
Conduct disorder is a developmental disorder, resulting in particular difficulty with obeying rules. One of the best-known models for understanding it is the triadic model, which proposes an impaired balance between the 'punishment system', the 'reward system' and cognitive control (Ernst et al., 2006; Matthys et al., 2013) .
Although most delinquent behaviours stop before adulthood, for some adolescents, these persist throughout their lives (Moffitt, 1993) . Studies clarifying the neurodevelopmental differences between time-limited and persistent misconduct (Moffitt and Caspi, 2001; Raine et al., 2005; Ford et al., 2007; Ross and Hoaken, 2011) could help with determining prognosis and possible interventions to help influence that favourably. We have previously found associations between cognitive impairments and violent behaviour among boys and young men with conduct disorder (Miura, 2009) .
Although relationships between neurocognitive impairment and recidivism have been found (Hancock et al., 2010; Ross and Hoaken, 2011; Aharoni et al., 2014; Beszterczey et al., 2013) , aside from the New Zealand birth cohort study (Moffitt, 1993) , there has been little prospective longitudinal study in this area. Our aim was to conduct such a study among young, male, first-time offenders. Our hypothesis was that executive function impairments in this group would be associated with recidivism.
Method
The Ethics Committee of the Nagoya Juvenile Classification Home approved the research protocol, which conformed to the provisions of the Declaration of Helsinki in 1995 (as revised in Edinburgh, 2000 . Participants gave their written informed consent and were advised that they could withdraw from the study at any time if they wished, without adverse consequences.
Participants
The study participants were recruited from all boys aged 16 years or under who had been admitted to the Nagoya Juvenile Classification Home for the first time. Nagoya is the fourth biggest city in Japan with a population of about 2,280,000. The catchment area coincides with the jurisdiction of the Aichi Prefecture, covering a population of about 7,700,000, mainly urban dwellers. Here, those who commit offences and/or delinquent behaviours when 19 years old or under are admitted to a juvenile classification home for a 4-week assessment prior to appearing in a family court.
As in our previous study, we excluded adolescents with a history of drug abuse/dependence, head trauma, epilepsy or psychiatric treatment to avoid their influence on the net neurocognitive function so that we could be as certain as possible that any cognitive dysfunction identified could be linked to the conduct disorder rather than some other co-morbid condition. None of the 309 youths approached refused to participate in the study (Miura, 2009 ), but in Japan, there is no official lifelong database of offenders, so we were not able to follow them into their adult life. Thus, by recruiting boys aged 16 years or under, we were able to complete a minimum of 3 years of follow-up. Of the 309 boys who had been assessed in the home, 221 participants aged 16 years or under met the criteria for the present study.
Any re-admission to the juvenile classification home was classified as recidivism, resulting in allocation to the recidivist group. In Japan, during a probation period, any further offence recorded by the police and the family court means that the adolescent is sent to the classification home where she or he was first admitted, unless the parents/caretaker had moved away from the jurisdiction of the home. The comparison group was made up of all the other young people who had had no further conviction.
Procedure
On admission, a physical examination was conducted by one of two doctors, and participants were interviewed about the following: history of violent crime; changes of parent/caregiver and reason for the change; family history of crime, drug abuse/dependence, and/or alcohol-related disorders and psychiatric treatment; and history of child abuse. Psychiatric diagnoses were made by one psychiatrist, according to the Diagnostic and Statistical Manual of Mental Disorders (fourth edition, text revision) criteria (American Psychiatric Association, 2000) .
Neuropsychological tests
Two tests were conducted: the Wisconsin Card Sorting Test (WCST), for evaluation of executive function (Raine et al., 2005; Straus et al., 2006; Stadler et al., 2007; Fairchild et al., 2009) , and the Iowa gambling task (IGT), designed to examine risk anticipation in decision-making (Bechara et al., 1994) . Impaired IGT scores have been found in individuals with attention deficit hyperactivity disorder and conduct disorder (Ernst et al., 2003; Toplak et al., 2005; Garon et al., 2006) .
The Japanese version of the WCST (Keio version) (KWCST) (Abe et al., 2004) was used. Its main difference from the original WCST is that it has only 48 cards and takes 5 minutes to complete, whereas the original version has 128 or 64 cards. The KWCST has no established cut-off point between normality and pathology. We chose a cut-off that was one standard deviation below the mean number of categories achieved (CA) (5.2; Miura, 2009). Thus, everyone who achieved four categories or less was regarded as impaired, and everyone who attained five or more, to a possible maximum of seven, was regarded as healthy in this respect.
The IGT was administered in strict compliance with the original version, the only difference being that the play money was converted from dollars to Japanese yen (Fukui et al., 2005) . The maximum number of disadvantage cards that could possibly be selected was 100. Most healthy people tend to select fewer than 50 disadvantage cards in every batch of 100 (Toplak et al., 2005) . We took fewer than 50 selections as normal.
Statistical analyses
Comparisons were made between the recidivism and comparison groups. A t-test was used to compare age, age at onset of delinquency, the number of CA on the KWCST and the number of disadvantage cards selected on the IGT. A chi-squared test was performed to compare KWCST group CA scores (≤4 and >4) for each age of entry into the study (14, 15 and 16 years). In order to calculate the odds ratio for each independent measure, we performed univariate logistic regression analyses with respect to age, age at the onset of delinquency, the CA of the KWCST, the total selection of disadvantage cards in the IGT (≥50 and <50) and the presence or absence of the following: violence; changes of parent/caregiver; history of child abuse; and family history of crime, drug abuse/dependence, alcohol-related disorders and psychiatric treatment. We then went on to perform multivariate logistic regression analyses. The tests were performed using Stat View J-5.0 software (SAS Institute Inc., Cary, NC, USA).
Results
Seventy-six (34%) participants were re-admitted to the juvenile classification home and allocated to the recidivism group, leaving 145 (66%) in the comparison group. Table 1 shows that the recidivists, as a group, were significantly younger than the young people in the comparison group. There was no significant difference in IQ (as recorded in the files) between the two groups.
There was no significant difference between the groups in the numbers of CAs on the KWCST. Prevalence of the lower (≤4 CA) cut-off, however, varied with age (Figure 1 ; p < 0.01), with younger participants achieving fewer categories. Table 2 shows the relationship between all 11 variables measured. Taking recidivism as the dependent variable and allowing for all the other variables, the risk of recidivism proved to be twice as high among those who scored on four categories or fewer on the card sorting test. Recidivism was also independently associated with having had a change in parent or caregiver and younger age. Figure 2 shows graphically the prevalence of recidivism in relation to KWCST score and age.
Discussion
We found that, having allowed for confounders, lower achievement of categories on the KWCST, younger age and change of parent/caregiver were significantly and independently related to higher recidivism rate. Thus, impaired executive function among young people with conduct disorder should be considered as 12.5 ± 1.6 12.9 ± 1.6
Number of CAs on the KWCST (mean ± SD) 4.9 ± 1.0 5.2 ± 1.1
Selection of disadvantage cards in the IGT (mean ± SD)
54.6 ± 9.1 54.1 ± 8.3
Note: SD = standard deviation; CAs = categories achieved; KWCST = Wisconsin Card Sorting Test (Keio version); IGT = Iowa gambling task. Neurocognitive function and recidivism 141 having potential predictive value for recidivism in this group, although, as might be expected, it is not the only relevant variable. Among criminological risk factors for recidivism, age at first conviction is a well-known risk factor (Wierson and Forehand, 1995; Plattner et al., 2009; Nilsson et al., 2011) , so in this respect, our work in Japan is congruent with other findings, mainly, to date, from Western countries. Family problems have also been shown to be risk factors for recidivism in Western countries (Mulder et al., 2010) , but the effects of divorce and/or change of parent/caregiver on recidivism have not yet been fully investigated. A history of child abuse was associated with recidivism in the univariate but not in the multivariate logistic regression analysis. We expected the cycle of violence in which abused children become abusers (Green, 1998; Widom, 1989; Yeager and Lewis, 2000) to be associated with recidivism, partly because several prospective studies showed the increased risk of recidivism by childhood maltreatment (Tikkanen et al., 2009; De Sanctis et al. 2012) , but in our sample, other variables seem to provide stronger explanations for risk of recidivism. As neurocognitive function develops with age, the effect of age on card sorting performance is an important consideration. In our series, the prevalence of lower category scores on the card sorting test decreased with age (Figure 1) , suggesting improving executive function over time. The prevalence of recidivism consistently tended to be higher in more impaired group at each age band until age 16 (Figure 2) .
Findings from studies on relationships between WCST scores and antisocial behaviour have been inconsistent -higher in higher violence groups (Rosse et al., 1993) , no difference from healthy controls in adolescent delinquency (Elmund et al., 2004) and impaired in domestic violence (Cohen et al., 1999) and among offenders with high psychopathy scores (Ishikawa et al., 2001) . Although one study revealed a difference in WCST results between recidivist and comparison groups (Valliant et al., 2003) , we believe that this is the first Figure 2 : Prevalence of recidivism within the 3-year follow-up period by lower (≤4) and higher (>4) categories achieved (CAs) on the Wisconsin card sorting test (Keio version) and age prospective longitudinal study assessing the relationship between WCST results and recidivism.
Although why and how impaired executive function contributes to recidivism remain unknown, impaired ability to acquire and observe rules and adapt to changes in the rules may make social adaptation difficult. Previous studies of card sorting performance in conduct disorder have provided conflicting results: no differences (Raine et al., 2005; Fairchild et al., 2009 ) and a trend towards more preservation errors (Stadler et al., 2007) .
In our study, decision-making measured by the IGT did not contribute to recidivism, although modulation of decision-making in conduct disorder has previously been found (Stadler et al., 2007; Fairchild et al., 2009 ) and one previous study found that poorer decision-making predicted recidivism in male offenders (Beszterczey et al., 2013) . In the present study, all participants had conduct disorder. Thus, the IGT might not have adequate sensitivity to discriminate differences within conduct disorder groups.
Limitations
The number of participants and their parents/caretakers who moved out of the jurisdiction of the juvenile classification home in our study was unknown, and this could have disproportionately affected the comparison group. Some of the participants were sent to a reformatory after being sentenced, so time outside facilities, and thus time at risk, was different in these cases.
Conclusions
Recidivism among adolescent boys with conduct disorder is associated with impaired executive function as well as younger age and changes of parent/caregiver. Our findings suggest a need for further precise assessments for environmental stress on developing neurocognitive function to clarify those roles on recidivism.
